This study aimed to evaluate viral and bacterial contamination from typical Brazilian cheeses, such as Minas (fresh) and Prato (ripened), commercially obtained in the Greater Metropolitan Region of the State of Rio de Janeiro, Brazil. Minas [30], Prato [30] and sliced Prato [30] cheese samples were investigated for norovirus genogroup I and II (NoV GI-II) and human adenovirus (HAdV) by direct nucleic acid extraction using TRIzol and amplification by TaqMan based quantitative polymerase chain reaction. Listeria monocytogenes, Salmonella spp., coagulase-positive staphylococci (CPS) and fecal coliforms were also assessed by using standard counting methods. NoV GI and GII were detected in one sample (1.1%) each and HAdV in nine samples (10.0%) while bacteriological analysis revealed five samples (5.5%) contaminated with L. monocytogenes, 27 (30.0%) with fecal coliforms and 10 (11.1%) with CPS. Salmonella spp. was not detected in any sample. Viruses were detected in 11 samples (12.2%), of which 9 met the microbiological criteria used to evaluate the microbiological quality of the cheeses, stressing the importance of considering virological parameters for monitoring this food matrix.
INTRODUCTION
Cheeses are dairy products that are increasingly consumed around the world mainly due to the variety of types and prices available on the market as well as to their versatility and adaptability to recipes (Planzer et al. 2009 ). They are considered fresh, ready-to-eat food, a group of food that can commonly be eaten without further processing steps (CAC/GL 21-1997; CAC/RCP 57-2004) .
Currently in Brazil, the consumption of cheese (industrial or artisanal) is approximately 5.4 kg per person, with Prato and Minas cheeses being the most consumed in all regions of the country (Abiq 2017a) . Both are semi-hard cheeses that originate from the State of Minas Gerais. Prato has a yellow color, an unctuous consistency and a maturation period of approximately 25 days, while Minas is a fresh, white, unripened cheese (Abiq 2017b) .
The Codex General Standard for Cheese (CODEX STAN 283-1978) presents criteria concerning the quality of a variety of cheeses, such as maximum levels of additives during the production process, as well as control measures for contaminants and hygiene conditions. Foodborne illnesses are a leading cause of many hospitalizations worldwide, and it is estimated that more than 67% of them are associated with viral infections due to the contamination of fresh or processed foods, with dairy products being associated with 12% of them (Atreya 2004; Painter et al. 2013) . Viral contamination has been reported as an important route of foodborne gastroenteric outbreaks (Maunula et al. 2009; Mäde et al. 2013) with enteric viruses such as the norovirus (NoV) being the main contaminants of fresh and ready-to-eat foods such as vegetables, shellfish, sandwiches, deli meat and dairy products (Boxman et al. 2007; Maunula et al. 2009; Morillo et al. 2012; Mäde et al. 2013; Loury et al. 2015; Morillo et al. 2017) . NoV are RNA viruses belonging to the genus Norovirus of the Caliciviridae family, classified in seven different genogroups (G) with more than 35 genotypes (Zheng et al. 2006; Vinjé 2015) . NoV GI, GII and GIV are known to infect humans, and 10% of all outbreaks as a result of foodborne transmissions are associated with genotype GII.4, 27% are caused by all other genotypes and 37% of outbreaks are caused by mixtures of GII.4 and other noroviruses (Verhoef et al. 2015) .
Human adenoviruses (HAdV), which have been suggested as being a good viral indicator of human fecal contamination in water (Hewitt et al. 2013) , have also been detected in fresh food matrices (Maunula et al. 2013; Melgaço et al. 2016) . They are DNA viruses belonging to the Adenoviridae family and the genus Mastadenovirus, with 67 types causing human infection (Lion 2014) ; the enteric type species HAdV-40 and HAdV-41 are mostly associated with foodborne diseases (Greening 2006; Maunula et al. 2017) .
This study aims to assess the microbiological quality of Prato and Minas cheese samples commercialized at the Greater Metropolitan Region of Rio de Janeiro, investigating bacteriological indicators such as Salmonella spp., Listeria monocytogenes, fecal coliforms and coagulase-positive staphylococci (CPS) as well as NoV GI, GII and HAdV contamination. 
MATERIALS AND METHODS

Food and virus samples
MNV-1 recovery efficiency
Spiking tests were performed to assess the success rate and recovery efficiency of SPCV. Triplicate experiments including negative control (350 μL of PBS 1×) were performed for each type of cheese by direct application of 100 μL of MNV-1 (5 × 10 5 gc/reaction) onto the surfaces of 10 g of food for 2 h at room temperature. The inoculum amount was determined according to a qPCR limit of virus detection, as previously determined (Melgaço et al. 2016 ).
Viral elution, RNA/DNA extraction, cDNA synthesis, virus quantification methods For the virus investigation, 10 g of cheese were eluted using 6 ml of TRIzol reagent for 20 min (shaking) in a filter bag (Nasco, Fort Atkinson, Wisconsin, USA). After centrifugation (8000× g, 20 min at 4
• C), the supernatant was taken and stored at -20
as described previously (Baert, Uyttendaele and Debevere 2008a) . Viral RNA/DNA was extracted from 140 μL of the eluted samples, using QIAamp viral RNA mini kit (Qiagen, Valencia, CA, USA), according to the manufacturer's instructions. Synthesis of complementary DNA (cDNA) was performed using random primers pd(N)6 (Amersham Biosciences, UK) for RNA virus detection.
NoV (GI-GII), MNV-1 and HAdV TaqMan RT-qPCR/qPCR protocols were performed using a set of specific primers and probes presented in Table 1 . For all genomic quantification, a standard curve was performed with eight points of serial plasmid dilutions, 10 7 -10 0 genome copies/reaction (gc/reaction), that yielded a slope of -3.59 and a reaction efficiency of 0.90. qPCR reactions consisted of 5 μL of cDNA/DNA sample, 12.5 μL of Universal Master Mix (Applied Biosystems, Foster City, CA, USA), and corresponding primers and hydrolysis probe. The following conditions were used for the amplification step: activation of the uracil N-glycosylase for 2 min at 50
• C, and activation of AmpliTaqGold (Applied biosystems, Foster City, CA, USA) for 10 min at 95 • C, followed by 45 cycles of amplification (15 s at 95
• C and 1 min at 60 • C). All samples were tested in duplicate using both undiluted and 1:10 diluted RNA/DNA, totaling four qPCR reactions per sample. Samples were considered positive when at least one replica was detected at the cycle threshold (Ct) 38 or lower.
Bacterial analysis
Salmonella spp. analyses were performed using a semiautomated VIDAS system (bioMérieux, France) kit according to the manufacturer's specification. For L. monocytogenes the culture method by selective enrichment technique was carried out according to the standardized methodology (Food and Drug Administration's Bacteriological Analytical Manual online) (Hitchins, Jinneman and Chen 2016) . The L. monocytogenes isolates were serotyped by means of the classical sero-agglutination technique using somatic and flagellar polyclonal antisera (Seeliger and Höhne 1979) . Fecal coliforms were investigated by plate count, using Petrifilm Coliform Count Plate (3M, USA). The enumeration of CPS was performed by the multiple-tube technique (most probable number-MPN) according to ISO 6888-3:2003. Table 1 . Primers and probe sets used to detect murine norovirus (MNV-1), human norovirus (NoV GI-GII) and human adenovirus (HAdV) by qPCR.
Primers and Probes Sequence (5'-3') Reference
Data analysis
Recovery of MNV-1 from cheese samples was qualitatively (success rate) and quantitatively (recovery efficiency) analyzed according to Stals et al. (2011) . For bacterial results, prevalence and mean values were calculated.
RESULTS
Spiking experiments revealed an MNV-1 recovery success rate of 100.0% for both cheeses, with a viral mean recovery efficiency of 57.1% (9.6 to 128.4%) and 42.9% (23.9 to 62.4%) for Minas and Prato cheese, respectively. Enteric viruses were detected in 12.2% (11/90) of cheese samples and MNV-1, used as the SPCV, in 98.8% (89/90) of them. NoV GI and GII were detected in one sample each of Prato and Minas cheese, in a concentration of 1.5 × 10 6 genome copies/gram (gc/g) and 7.3 × 10 5 gc/g, respectively. HAdV was detected in nine samples (10.0%), six from Prato and three from Prato sliced cheese, with a concentration mean value of 1.0 × 10 4 gc/g. Salmonella spp. was not detected in any of the 90 commercialized cheese samples analyzed, while L. monocytogenes was detected in five (5.5%), fecal coliforms in 49 (54.4%) and CPS in 10 (11.1%) samples. However, no sample presented CPS above the limit established by Brazilian law and only 29 (32.2%) of the samples presented fecal coliforms above the limit established by the Brazilian law (Table 2 ). Three serotypes of L. monocytogenes were identified: 4b (n = 3), 1/2a (n = 1) and 1/2b (n = 1).
From a total of 90 samples studied, 45 (50.0%) presented some type of contamination and the overall analysis of the results demonstrated the presence of virus in nine cheese samples that met the bacteriological criteria used to evaluate the quality of the cheeses (Table 3) .
DISCUSSION
In this study, we investigated viral contamination in two kinds of typical Brazilian cheeses obtained commercially in the Greater Metropolitan Region of Rio de Janeiro State. NoV GI, GII and HAdV were detected, with HAdV predominantly found in Prato and sliced Prato cheeses. HAdV has been described as a contaminant of food samples, having been detected on food handlers' hands on some farms (Maunula et al. 2013 ) and in strawberry samples also obtained commercially (Melgaço et al. 2016) . Although predominant in detection, the HAdV load was 1 to 2 log lower than the concentration obtained for NoV GII and GI, respectively, emphasizing that NoV requires less than 10-100 virions to cause disease (Schwab 2007) . However, the high viral load found varied from 10 4 to 10 6 gc/g, that is a high load mainly due to the importance of those values to quantitative microbiological risk assessment, which considers the number of genome copies (RNA/DNA) as the dose response model, as described by Thebault et al. (2013) . Studies aiming to investigate the viral contamination of food have been conducted elsewhere, emphasizing the importance of monitoring those agents in matrices such as shellfish, fruits and vegetables, be they associated with outbreaks or not; risk assessment studies have also been conducted (Parada-Fabián et al. 2016; Owusu-Ansah et al. 2017; Summa and Maunula 2018) . Levels of MNV-1 recovery efficiency rates ranging from 42% to 57% according to the type of cheese, demonstrated that the association of direct extraction by TRIzol with a quantitative detection proved to be a useful method for recovering viruses from the cheese matrix. Previously, our group obtained a 56.3% recovery of NoV GII.4 from Minas cheese using the negatively charged membranes method with Ozone-Safe solvent Vertrel XF (Fluka, Steinheim, Switzerland) in the clarification step, in artificial contamination experiments (Fumian et al. 2009 ). TRIzol reagent was chosen as a fast and successful method used for the recovery of NoV GII from blue cheese samples in a foodborne gastroenteritis outbreak on a cruise ship in Brazil (Morillo et al. 2012) . This method was first described by Schwab et al. (2000) to detect NoV and HAV in deli meat. Baert, Uyttendaele and Debevere (2008a) adapted direct extraction by TRIzol to evaluate NoV recovery in artificially cotaminated penne and tagliatelle salads, foods rich in protein and fat, and Stals et al. (2011) evaluated the NoV recovery efficiency (70.8%).
The detection of NoV GI-GII and HAdV in two types of cheese naturally contaminated corroborated the success of using this methodology in this study. More recently, the International Organization for Standardization procedures ISO/TS 15216-1 (2013) and ISO/TS 15216-2 (2013) proposed standard methods for NoV detection using sterile cotton for swabbing, which can be used to evaluate the surface from different matrices, such as dairy products. In a study with milk and cottage cheese, the best result for recovery of NoV GI-GII was the use of Tris-Glycine beef extract buffer with proteinase K treatment, a method adapted from the ISO/TS 15216-1 (2013) for shellfish samples (Hennechart-Collette et al. 2017) . Lowther et al. (2017) evaluated seven food matrices using a methodology proposed by ISO 15216:2013 Part 1 and performed a method characterization with limit of detection, limit of quantification, repeatability and reproducibility in order to validate the ISO, which was added to the revised international standard, ISO 15216:2017 in March, 2017. With regard to bacteriological results, the absence of Salmonella spp. in cheese concurs with results of previous studies carried out in Brazil (Carvalho Viotto and Kuayez 2007; Lima et al 2008; Cardoso et al. 2013) . The presence of L. monocytogenes in five (5.5%) samples is similar to that reported by CarvalhoViotto and Kuayez (2007), who detected these bacteria in 3.2% (3/93) samples of fresh cheese in the State of São Paulo, Brazil. Fresh cheese has a low pH (4.9-5.3), high water activity and moisture levels (55%-58%) that could favor the survival of L. monocytogenes (Silva et al. 2003) . Since the cheese samples are considered ready-to-eat foods, the presence of L. monocytogenes represents a great risk, especially for pregnant women and immunocompromised people. A case of L. monocytogenes infection was described in a newborn whose birth occurred at the seventh month of gestation when the mother reported fever and inertia after consuming gorgonzola cheese (Vasconcelos et al. 2008) . In the present study, the serotypes 4b (n = 3), 1/2a (n = 1), and 1/2b (n = 1) were identified and corroborated other studies conducted in Brazil (Brandão et al. 2013; Silva et al. 2017) and in other countries (Swaminathan and Gerner-Smidt 2007; Kovačević, Mesak, Allen 2012 ). Among the 13 described serotypes of L. monocytogenes, serotypes 1/2a, 1/2b and 4b are implicated in most cases of human listeriosis and outbreaks (Doumith et al. 2004; Clark et al. 2010; EFSA-ECDC 2015 , 2016 . Characterization of L. monocytogenes strains is needed in order to determine its virulence potential, for surveillance purposes and epidemiological tracking (Swaminathan and Gerner-Smidt 2007) . Although cheeses are sometimes considered as safe foods, there are many reports of outbreaks associated with L. monocytogenes due to their consumption (Magalhães et al. 2015; Amato et al. 2017) . Listeria monocytogenes may be present in diverse sources, from manufacturing to retail Siqueira et al. 2017) .
We also detected CPS counts that were lower than the Brazilian Standards requirements (Anvisa 2001) . These results were different to those reported by Araújo et al. (2002) , who analyzed 45 samples of soft cheeses and detected CPS above 10 3 MPN/g in eight (17.7%) samples. Staphylococci food poisoning is one of the most common foodborne diseases and results from the ingestion of staphylococci heat-stable enterotoxins preformed in food by enterotoxigenic strains of Staphylococcus spp., which can cause nausea, vomiting and diarrhea when ingested (Hennekinne et al. 2010) . Food poisoning due to enterotoxigenic strains of Staphylococcus being present in fresh cheese have already been reported in Brazil (Carmo et al. 2002) .
Different levels of fecal coliform contamination detected in 66.7%, 23.3% and 6.7% of Minas, sliced Prato and Prato cheese, respectively, reveal not only unsatisfactory hygiene conditions but particularly how the preparation of a cheese (handmade in the case of Minas) and its handling (Prato and sliced Prato) may compromise the microbiological quality of the product. Similar results to those were reported in other studies in Brazil (Araújo et al 2002; Carvalho Viotto and Kuayez 2007; Cardoso et al 2013) . Adequacy of protection against post-pasteurization contamination is commonly evaluated by testing for coliform bacteria, which are destroyed by proper pasteurization. Despite this, our findings suggested the possibility of fecal contamination of pasteurized milk used for cheese production caused by the application of inefficient heat treatment, high contamination of the raw milk or rennet and/or poor hygiene practices during cheese manufacturing (Araújo et al 2002; Cardoso et al. 2013) . Handling by slicing and weighing during the purchase could not be discarded as one possible source of contamination.
In summary, the presence of enteric viruses and the incidence of fecal coliforms and L. monocytogenes in the cheese samples collected in the market suggest deficiencies in hygiene procedures applied during the production line, failures in the storage process of these products and/or their handling. These results corroborated Brazilian Ministry of Health data, which reported that from 2000 to 2017 milk and dairy products were implicated as contamination vehicles in 371 (3.06%) outbreaks of foodborne diseases from a total of 12,108 (SVS, 2018) .
The concomitant presence of HAdV, L. monocytogenes and fecal coliforms presence in sliced Prato cheese at market as compared to non-sliced samples, clearly demonstrated that human manipulation and/or poor hygiene of surfaces contributed to the contamination of the product offered. Food handlers' contact with ready-to-eat food was identified as the main factor contributing to NoV contamination in most of the outbreaks (Hall et al. 2012; Angelo et al. 2017) .
The results also revealed that cheese samples, which were considered appropriate according to bacterial indicators, were contaminated with viral pathogens. The viruses do not multiply in or on foods as some bacterial species. So, viral presence in fresh foods does not affect its degradation, or compromise appearance, color, texture, flavor or smell and is therefore undetectable to consumers and represents a health risk (Atrey 2004; Rawat 2015) . In conclusion, our results stress the need for good manufacturing practices, rigorous quality control systems in the dairy industry and markets, with an emphasis on the inclusion of virological parameters in the monitoring of foods, especially those that are handcrafted, or those that are handled when marketed.
